The solution structure of three small serine proteinase inhibitors, two natural and one engineered protein, SGCI (Schistocerca gregaria chymotrypsin inhibitor), SGCI [L30R, K31M] and SGTI (Schistocerca gregaria trypsin inhibitor), were determined by homonuclear NMRspectroscopy. The molecules exhibit dierent speci®cities towards target proteinases, where SGCI is a good chymotrypsin inhibitor, its mutant is a potent trypsin inhibitor, and SGTI inhibits both proteinases weakly. Interestingly, SGTI is a much better inhibitor of insect proteinases than of the mammalian ones used in common assays. All three molecules have a similar fold composed from three antiparallel b-pleated sheets with three disul®de bridges. The proteinase binding loop has a somewhat distinct geometry in all three peptides. Moreover, the stabilization of the structure is different in SGCI and SGTI. Proton±deuterium exchange experiments are indicative of a highly rigid core in SGTI but not in SGCI. We suggest that the observed structural properties play a signi®cant role in the speci®city of these inhibitors.
Despite of the enormous work dedicated to understanding the structure, function and speci®city of canonical serine proteinase inhibitors (reviewed in [1] ), there are still unanswered questions awaiting detailed investigation concerning the precise mechanism of action of these molecules. All known canonical inhibitors share at least one common structural motif, the proteinase binding loop, although their overall fold displays no similarity in different families [2] . This loop contains the scissile peptide bond to be hydrolysed by the target enzyme. Cleavage occurs between residues labeled as P1 and P1¢ [3] . Unlike in substrates, the cleaved form of reversible inhibitors remains associated with the enzyme in a manner that allows re-formation of the scissile bond. This is suggested to be a key point in the mechanism of canonical serine proteinase inhibition [4] .
The major target enzyme of canonical inhibitors, e.g. trypsin or chymotrypsin, is determined primarily by the amino acid at position P1, which ®ts into the substrate binding site of the proteinase. The side chains of the neighbouring residues, especially from P3 to P3¢ can affect this interaction by making additional interactions with the enzyme (for a comprehensive study on chymotrypsin, see [5] ).
In this paper, we focus on inhibitors of the Ôgrasshopper familyÕ, as recently named by Laskowski [1] . A small chymotrypsin-inhibiting peptide, isolated from the desert locust Schistocerca gregaria, SGCI (Schistocerca gregaria chymotrypsin inhibitor) could be converted into a potent trypsin inhibitor by engineering both residues P1 and P1¢ [6] . Replacing only Leu30 with Arg at position P1 yields a weaker and less speci®c inhibitor. On the other hand, a related inhibitor, SGTI (Schistocerca gregaria chymotrypsin inhibitor) sharing 45% sequence identity with SGCI, is inherently a much less effective inhibitor of both trypsin and chymotrypsin [6] (Fig. 1) . A study on the related Locusta peptides revealed similar results [7] . Furthermore, GraÂ f and colleagues [8] found that SGTI inhibits trypsins isolated from arthropods (cray®sh and shrimp) much better than the bovine enzyme used for routine assays. This is further supported by results for PMP-D2 cited in [9] . Prior to our work, structures of two inhibitors of the grasshopper family were determined by NMR spectroscopy [10, 11] . Both molecules (PMP-C, pars intercerebralis major peptide C and PMP-D2, pars intercerebralis major peptide D2, orthologous in this order to SGCI and SGTI) were isolated from the migratory locust Locusta migratoria. These small proteins (35 and 36 residues, respectively) contain a previously unknown fold among the small proteinase inhibitors. The molecules contain three twisted antiparallel b strands and three disul®de bridges (Fig. 1) . The P1 residue is located near the C-terminus of the polypeptide chain between two disul®de bonds that stabilize the binding loop. The hydrophobic core is organized differently in the two molecules either by a Phe of the ®rst or by a Trp of the third b strand. The natural form of PMP-C is fucosylated at Thr9. As revealed by an NMR study [12] , the fucosylation contributes to the structural stabilization of the peptide, although the nonglycosylated form is fully active [7] . The internal dynamics of PMP-D2 was extensively studied using both theoretical and experimental methods [13] . The conclusion of these investigations was that there are slow conformational motions in PMP-D2. Both peptides were shown to inhibit mammalian N-type Ca 2+ -channels [14] , providing the basis for comparing the structure of these inhibitors with x-conotoxin GVIA [10] . Recently, Roussel et al. reported the crystal structure of PMP-C and PMP-D2 complexed to chymotrypsin [9] .
The fold of PMP-C and PMP-D2 is in many ways similar to those of small insect toxins, defensins and some other proteinase inhibitors [15±17] . The common feature is the presence of three disul®de bridges and three b strands. However, the topology of the disul®de bonds is different, the most common arrangement being pairs 1±4, 2±5 and 3±6 (abcabc, according to the notation in [17] ) in contrast to the pattern 1±4, 2±6, 3±5 (abcacb) observed in PMP-C and PMP-D2. The disul®de pattern of these inhibitors does not match the criteria established for the Ôcystine knotÕ motif (e.g [18] ). This structural motif consisting of three b strands connected by three disul®de bridges is believed to be very stable. The observed rigidity of the PMP-D2 structure [10] is consistent with these expectations.
Our goal was to determine the solution structure of SGCI and SGTI, as well as an engineered variant of SGCI that effectively inhibits trypsin (SGCI[L30R, K31M]) [6] . Homonuclear NMR as well as CD measurements were carried out, addressing the question of structural organization and stability of the peptides. The increasing number of proteinase inhibitor structures solved by NMR allows us to compare the structural organization of the investigated peptides with those described in the literature in recent years. In this paper, we attempt to interpret our results with respect to the speci®city of these peptides towards proteinases.
M A T E R I A L S A N D M E T H O D S

Sample preparation
All peptides were synthesized by solid phase synthesis on an ABI 431 A peptide synthesizer using Fmoc strategy. The puri®cation protocol was identical to that described previously [6] . The identity of these peptides with the natural ones was con®rmed by HPLC coelution analysis [6] .
NMR spectroscopy
1D and 2D homonuclear NMR spectra were typically recorded at 500 MHz, at 297±303 K and pH 3. In the direct dimension the number of acquired data points was typically 2048, the number of increments was 512. Data processing was carried out by applying zero ®lling up to 4 K and a Kaiser window function in the t 1 and a shifted sinebell (80°) window function in the t 2 dimension. Mixing time for TOCSY experiments was 50 ms, and for NOESY measurements 80±125 ms. Spectra were referenced to internal sodium 3-(trimethyl silyl)propane-1-sulfate (DSS). Resonance assignment was carried out with the TRIAD module of the program SYBYL [19] , running on SGI Octane R10000 workstations, according to the procedure described by Red®eld [20] and originally established by WuÈ thrich [21] . Chemical shift indices for proton resonances were calculated as described by Wishart et al. [22] .
Proton±deuterium exchange experiments were carried out for SGCI and SGTI. 
Distance restraints and structure calculations
Structure calculations were solely based on NOE-derived distance restraints. Restrained distances were obtained from integration of the NOESY cross-peaks using the program module TRIAD. According to the integral values, restraints were classi®ed into three categories corresponding to distance ranges of 1.8±2.5, 1.8±3.5 and 1.8±5.0 A Ê , respectively. The 1.8-A Ê value was chosen as a good approximation of the sum of the Van der Waals radii of two adjacent but nonoverlapping hydrogen atoms.
Structure calculations were performed with the program X-PLOR 3.851 using standard simulated annealing protocols [23, 24] . High-temperature calculations were run at 1000 K for 6000 steps, with the number of cooling steps set to 3000 and the NOE scale parameter set to 50. In the course of calculations, disul®de bonds were introduced using the DISU patch available in X-PLOR.
For each molecule, an ensemble of 100 structures was calculated with X-PLOR. Accepted structures (no NOE violation greater than 0.3 A Ê and good geometry) were selected using the Ôaccept.inpÕ protocol. In this paper, we describe the 10 best structures for each molecule, so that structural features can be compared. Angular order parameters for the selected structures were calculated as described by Hyberts et al. [26] using the program MOL-MOL [27] . CD spectroscopy CD spectra for each molecule were acquired in water containing 0, 25, 50 and 75% tri¯uorethanol and pure tri¯uorethanol (SGCI and SGTI). In the case of SGCI[L30R, K31M], data were recorded in water containing 50 and 87.5% tri¯uorethanol and in pure tri¯uoretha-nol. Measurements were performed on a Jobin Yvon VI spectrometer at 25°C.
R E S U L T S
Resonance assignment
For SGCI and its mutant, only resonances belonging to the N-terminal Glu could not be resolved. In the case of SGTI, signals of the N-terminal residue and the second of the two consecutive prolines (Pro34) escaped identi®cation. Stereospeci®c assignments were not made at this stage, although where it was possible, prochiral protons were distinguished according to their position in the precalculated structures.
Comparing the NMR chemical shift values for the protons of SGCI and SGCI[L30R, K31M], the difference is the largest for the amide proton resonances (see below). Both the H a and the side-chain protons can be found at rather similar chemical shift values in the two molecules. The position-speci®c chemical shift bias of amide protons and its signi®cance in light of the resulting structures will be discussed below.
All chemical shift values will be deposited in the BioMagResBank database (http://www.bmrb.wisc.edu/).
NMR distance restraints
The number of NMR distance restraints obtained from NOESY spectra is summarized in Table 1 (see also Fig. 2A ) It should be noted that in the case of SGCI and SGCI[L30R, K31M] the total number of restraints is over 500; this well exceeds the number of distance restraints used for the structure determination of the homologous inhibitor PMP-C [11] .
Structure calculations
For structure calculation, only NMR distance restraints were used (see Materials and methods). After several exploratory runs, some stereospeci®c assignments could be made and subsequently ambiguous NOE peaks were identi®ed.
The aromatic side-chain protons of Phe10 in SGCI and in SGCI[L30R, K31M] were observed at the same chemical shift value, possibly indicative of a rapidly¯ipping side chain [20] . Therefore, instead of two H d and two H e protons we used NMR pseudoatoms with properly modi®ed distance restraints for structure calculations (we have obtained essentially the same structure for SGCI in calculations where a rigid Phe ring was assumed and the protons were treated separately). In SGTI, NOEs observed between Lys10 and Trp25 were indicative of either spin diffusion or multiple conformers of one or both side chains. The corresponding distance restraints were all included but with a larger tolerance (6.5 A Ê ).
For each molecule, a family of 100 structures was calculated with X-PLOR. In this paper, we describe and compare the 10 best structures for each molecule (RCSB PDB codes 1 kgm, 1 kio and 1 kjo for SGCI, SGCI [L30R, K31M] and SGTI, respectively). The corresponding data are summarized in Table 2 .
Disul®de bridges
All three molecules contain three disul®de bridges. From sequence data it is clear that this is a conserved feature of this inhibitor family (Fig. 1) , thus the disul®de pattern was expected to be essentially the same in all molecules. Indeed, our NOE data con®rm that the following pairs are formed: Cys4±Cys19, Cys17±Cys28 (27) [28] are observed between Cys14 and Cys33, as well as Cys17 and Cys28 (27) , respectively, in all three molecules. For SGCI and its variant, we cannot ®nd indicative NOE peaks in the case of the Cys4± Cys19 bridge; however, the two other disul®des could be unambiguously identi®ed. The observed NOE contacts between Phe10 and Cys4 as well as between Phe10 and Cys19 are consistent with the existence of the Cys4±Cys19 bridge. For SGTI, the Cys17±Cys27 bond was dif®cult to demonstrate unambiguously due to spectral overlap of both the amide and the a proton resonances of these two residues.
Overall fold of the molecules
All three inhibitors (SGCI, SGCI[L30R, K31M] and SGTI) share a common fold typical for the grasshopper inhibitor family (Fig. 3) . The fold is de®ned by a secondary structure composed of a three-stranded antiparallel b sheet with three disul®de bridges. All three molecules have an elongated shape with the N-and C-terminus located at the opposite ends. The backbone of the N-terminal residues adopts an extended conformation and runs parallel with the loop connecting the second and third b strands, perpendicular to the strands, respectively. The cysteine residue closest to the N-terminus, Cys4, is connected to Cys19, which lies in the second b strand. The P1 and P1¢ residues are located near Table 1 . Number of NMR-based distance restraints used for structure calculations of SGCI, SGCI[L30R, K31M] and SGTI. The corresponding values for the homologuous molecules PMP-C [10] and PMP-D2 [11] are also given. Intraresidual  227  214  20  138  10  Sequential  149  142  66  81  93  Long-range  150  170  78  123  119  Total  526  526  164  322  222 the C-terminus between two disul®de bonds involving the P3 and P3¢ residues [Cys28 (27) and Cys33(32)] and their pairs (Cys17 and Cys14). Rmsd data for the superimposed structures of SGCI and its variant are summarized in Table 2 . The best rmsd values can be observed when only the b-pleated regions, residues 9± 11, 16±19 and 26±28, respectively, are compared (backbone rmsd: 0.39 0.11 A Ê ). In this view the two terminal regions and the loops interconnecting the strands show a somewhat disordered structure compared to the b strands. For SGCI[L30R, K31M], however, the binding loop region is less well de®ned than in SGCI and can be superimposed with an rmsd value greater than 1 A Ê .
For SGTI, both the rmsd values (Table 2 ) and the angular order parameters (Fig. 2D) indicate a less well de®ned overall structure than for SGCI. This can be attributed to the lower number of NMR distance restraints obtained for this molecule. In our view, this fact (i.e. the lower number of distance restraints) should not be regarded as indication of a more¯exible structure of SGTI.
Detailed structural features
In SGCI and its mutant, the three b strands comprise residues 9±10, 16±19, and 26±28, respectively, in good agreement with the chemical shift indices (Fig. 2E) and NOE data. The case is similar for SGTI (Fig. 2F) . As also suggested from the NOE pattern, residues 5±8 form a type II b turn [21] in all three molecules.
All three inhibitors possess a structural core reminiscent of the hydrophobic core of larger proteins. In SGCI and its variant, the core is organized around the aromatic side chain of Phe10. Residues giving side-chain NOEs to the aromatic ring comprise Val2, Cys4, Thr8, Asp12, Cys17, Cys19, and Ala26, respectively. The aromatic ring is almost completely buried. Fig. 2 . Number of intraresidual, sequential, and long-range (including medium-range) NOE distance restraints per residue for SGCI (A) and SGTI (B); angular order parameters [26] of / and w torsion angles of SGCI (C) and SGTI (D) and chemical shift indices [22] for SGCI (E) and SGTI (F). Positions of the b strands are indicated by arrows.
In SGTI, the key residue is Trp25 with its side-chain indole ring. Trp25 is located in the third b strand, in contrast to Phe10 of SGCI, which lies in the ®rst one. The ring is involved in an ÔintimateÕ interaction with the side chain of Lys10. The unusual chemical shift values of the side-chain protons of Lys10 are consistent with the vicinity of the aromatic ring. Other residues giving NOE peaks to the indole ring are Glu3, Cys4, Gln8, Thr9, Cys17 and Cys19. The side chain of Trp reaches to the a proton of Thr9 (two NOEs observed), thus bridging all three b strands, respectively.
The loop interconnecting strands 2 and 3, comprising residues 20±25 (called the 20±25 loop below) is located near the N-terminus of the molecules. In addition to the adjacent Cys4±Cys19 disul®de, a number of NOE peaks are observed, e.g. betweenVal2 and Lys24, Ser25 and Ala26, Cys4 and Lys24, Pro6 and Gly23 in SGCI, Glu3 and Gly23, Cys4 and Gly23, Thr5 and Gly23 in SGTI. Although this loop is one residue longer in SGCI than in SGTI, its trace (the a-carbons) of this region can be superimposed well in the two structures except for Lys24 in SGCI. It should be noted, however, that the orientation of the interacting N-terminal region is different in the two molecules (Fig. 5) .
Conformation of the binding loop
The proteinase-binding loop is located near the C-terminus of the molecules¯anked by two disul®de bridges. The corresponding NOE pattern as well as / and w values are shown in Tables 3 and 4 . Values for SGCI deviate from the canonical values and also from values observed for PMP-C [11] . However, the trace (a-carbons) of SGCI and that of the canonical inhibitor turkey ovomucoid third domain (RCSB PDB accession no. 1cho [29] ), and the Bowman±Birk inhibitor (RCSB PDB accession no. 1bbi [30] ), can be superimposed well (Fig. 4) .
NOE peaks observed between the 11±16 loop and the binding loop are different for each observed molecule. (Table 3 ). It is remarkable that the SGCI variant [L30R, K31M] displays a different NOE pattern compared to SGCI. In the case of the former molecule, the number of NOEs is greater, though most of the ÔextraÕ peaks can be classi®ed as weak. The binding loop of SGCI[L30R, K31M] is disordered compared to the corresponding segment in SGCI. However, this is not the only difference between the binding loops of the two molecules: in SGCI[L30R, K31M], the average conformation of the loop is clearly altered in comparison to the wild-type SGCI (Fig. 5A) .
In SGTI, we have observed a slightly different organization of the binding loop (Fig. 5B) . This region is less well de®ned than that in SGCI. This is probably due to the lower number of distance restraints obtained for SGTI. The NOE peaks between residues of the binding loop and that of the 11±16 loop are also different from that of SGCI and its variant (Table 3) .
Qualitative evaluation of H±D exchange data
Proton±deuterium exchange experiments can provide valuable information about the hydrogen-bonding pattern and internal dynamics of the inhibitors [21] . In SGCI, the amide protons of Gly7, Thr8, Phe10 Thr16, Cys17, Cys19 and Gly20 are exchanging slowly. In SGTI, clearly distinguishable residues with slowly exchanging amide protons are Thr16, Cys19, Thr20, Val24. Ala26 and Cys27. These data together with the calculated structures are indicative of a number of intersheet hydrogen bonds in both of the molecules. The exchanging properties of the amide protons of SGCI[L30R, K31M] are very similar to that of SGCI.
Both the amide proton of Lys13 of SGCI and of SGCI[L30R, K31M] variant and Asp13 of SGTI are quicklyexchanging, the corresponding signal can be hardly observed even after 3 min of incubation in 2 H 2 O (see Materials and methods), indicating that this residue is exposed to solvent.
This experiment revealed striking difference in the structural¯exibility of SGCI and SGTI. There are amide protons of SGTI that are not exchanging even after several days of incubation, while SGCI does not show such behavior. Residues displaying extreme resistance to H±D exchange comprise Thr16, Cys17, Asn18, Cys19, Thr20, Val24 and Cys27, respectively. Four of the listed residues are located in the second b strand, indicating the presence of a rigid structural core of this molecule.
CD spectroscopy
The recorded CD spectra of the molecules show little change upon altering the ratio of tri¯uorethanol, suggesting a compact structure for these systems, with resistance to change of the chemical environment. The spectra of SGCI and SGCI[L30R, K31M] are typical for a peptide with high b sheet content. In contrast to this, SGTI was found to show an uncommon CD spectra containing a large negative peak at 202 nm and a positive maximum at 227 nm. A highly similar spectrum was recorded for PMP-D2 and was explained on the basis of the presence of the Lys10±Trp25 interaction [10] .
D I S C U S S I O N
Structural comparison of SGCI and SGTI
Analyzing the individual NMR structures of SGCI and SGTI, it is found that they exhibit different structural 
D). Residues giving sidechain NOEs to Phe10 in SGCI (E) and the Lys10±Trp25 interaction of SGTI (F). (A), (B)
, (E) and (F) were prepared with SYBYL [19] , (C) and (D) with MOLSCRIPT [38] and RASTER3D [39] .
features. As noted for PMP-C and PMP-D2, the two types of inhibitors share a common backbone fold stabilized in a molecule-speci®c manner. The aromatic residues are located in different b strands and display a different network of interaction. The different organization of the hydrophobic core together with the one-residue deletion from the 20±25 loop results in a similar overall fold with clearly distinctive structural features (Fig. 5B) . Furthermore, the results of the H±D exchange experiment suggest a signi®cant difference in the internal¯exibility of the molecules. The rigid nature of the second b strand is consistent with the presence of the indole ring of Trp25 bridging strands 1, 2 and 3. It should be noted here that the natural form of SGCI is fucosylated on Thr9 and the homologous protein PMP-C has an altered internal dynamics upon fucosylation [12] .
The most intriguing difference between SGCI and SGTI is the differing conformation of their binding loops. The corresponding NOE pattern of SGTI is different from that of SGCI as well as from that recorded for SGCI[L30R, K31M]. The number of observed NOEs for this region is lowest for SGTI (in agreement with the lowest number of total distance restraints for SGTI). The average conformation of the loop is somewhat different from that of the corresponding region in SGCI.
The data presented here concerning the difference in the internal¯exibility of the two molecules are in agreement with FT-IR experiments (carried out at different temperatures) reported previously [8] .
Effect of the [L30R, K31M] mutation on the structure of SGCI
The observed chemical shift values are highly similar for SGCI and SGCI[L30R, K31M], with the NH protons showing the greatest bias (Fig. 6 ). For 18 residues out of the 30 that could be compared (the N-terminal Glu, the prolines and the mutated P1±P1¢ residues are excluded), only few exhibit greater bias than 0.3 p.p.m., located in the 11±16 loop and and in the 20±25 loop, as well as in the P2¢ and P3¢ positions of the binding loop. The residues with the greatest Dd NH values are Thr16 and, more interestingly, Gln35. The majority of the residues affected, including Thr16 and the other residues in the 11±16 loop, are in structural vicinity of the engineered P1±P1¢ positions. For the observed Dd NH of Gln35 we have no plausible explanation.
In the observed NOE pattern of the two molecules, there are generally only a few differences, the majority of which do not re¯ect signi®cant conformational alterations. However, in the structural vicinity of the mutated positions, the NOE pattern is clearly different: the number of NOE peaks observed between the 11±16 loop and the binding loop is greater for SGCI[L30R, K31M] than for SGCI (Table 3) .
Thus, the overall fold of SGCI and its mutant is highly similar but the conformation of the binding loop is slightly different in the two molecules (Fig. 5A) , and this part of the molecule seems less well de®ned in the variant molecule than in SGCI (see the rmsd values in Table 2 ).
Locusta and Schistocerca inhibitors
Previously published structures of the grasshopper inhibitor family comprise PMP-C and PMP-D2, orthologous to SGCI and SGTI, respectively. The overall fold of the Locusta and Schistocerca inhibitors is essentially the same, as expected from sequence similarity (Fig. 1) . However, comparing the 36 structures of PMP-C available from the RSCB PDB (accession no. 1pmc) and the 10 structures of SGCI reported here (Fig. 5C) , there are some small structural differences. The most important is the different orientation of the binding loop with respect to the rest of the molecule, although both the 11±16 loop and the binding loop can be ®tted individually (backbone rmsd of the average structures is 1.02 A Ê for residues 28±33 and 0.55 A Ê for residues 11±16). This bias may be attributed either to the different approaches (the lack of incorporation of dihedral angle constraints but using more NOE distance restraints in this study) or slightly different experimental conditions.
Comparison of the structures of PMP-D2 and SGTI cannot be discussed in detail because there is no deposited structure of PMP-D2 in the RCSB PDB. The chemical shift values reported for PMP-D2 [10] are consistent with our results. The Glu2±Lys10 salt bridge reported for PMP-D2 [11] is likely to be present in SGTI; however, without pH titration experiments, we were unable to show evidence for the Lys10±Asp13 bridge.
Structure, mechanism and speci®city of the inhibitors As reported previously, SGCI, a potent inhibitor of chymotrypsin, can be converted into a powerful trypsin inhibitor simply by replacing the P1 and P1¢ residues. On the other hand, SGTI is only a moderate inhibitor of both mammalian trypsin and chymotrypsin [6] . However, as observed recently [8] , SGTI turns out to be a much better inhibitor of arthropodal trypsins than of the bovine enzyme used for routine assays. These observations raise the question of the universal nature of serine proteinase structure among animals and particularly, mechanism of inhibition by natural protein inhibitors.
In the light of the solution structures reported here, we attempt to address the question of taxon-speci®c inhibitory action from the inhibitor side. The binding loops of each of the molecules described in this paper exhibit a different amino-acid sequence, average conformation and degree of stabilization by interactions with the core of the molecule. Although we only have indirect evidence concerning thē exibility of the binding loop of the inhibitors, we suggest that the mobility of this region plays a key role in the mechanism of inhibition. An increasing amount of structural data indicates that a¯exible proteinase binding loop is not an uncommon feature of proteinase inhibitors. The reported solution structure of the Cucurbita maxima trypsin inhibitor V (CMTI-V) [31] and R-ela®n [32] , as well as experimental and theoretical studies of backbone dynamics of a recombinant form of CMTI-V [33, 34] , CMTI-III [34] and chymotrypsin inhibitor 2 [35, 36] provide the evidence for various serine proteinase inhibitors. Thus, our results indicating the somewhat increased exibility of the proteinase-binding loop compared to the rest of the molecules agree well with the ®ndings obtained from recently determined NMR structures of other proteinase inhibitors.
Based on the three structures reported in this paper we suggest a simple model explaining the inhibitory properties of the peptides. We believe that the following two key points should be considered: ®rst, the organization of the binding loop is slightly different in the ÔSGCI-typeÕ molecules (SGCI and SGCI[L30R, K31M]) and SGTI, and secondly that the overall¯exibility of SGTI is restricted in comparison to the other two peptides.
While this work was in progress, the crystal structures of PMP-C and PMP-D2 complexed to chymotrypsyn were solved [9] . Phylum selectivity of the inhibitor PMP-D2, similarly to SGTI, has also been demonstrated. The conformation of the binding loop of PMP-C has a somewhat altered conformation in the complex compared to that found in solution. Moreover, PMP-C and PMP-D2 show different interaction with the enzyme: while PMP-C establishes contacts only with its binding loop region, PMP-D2 makes additional contacts with residues in the 20±25 loop, respectively. The authors suppose that the latter interaction is responsible for the phylum selectivity of PMP-D2. To quantitavely address the question of the role of internal¯exibility of the inhibitors will need 15 N relaxation experiments.
C O N C L U S I O N
We have determined the solution structure of SGCI, SGCI[L30R, K31M] and SGTI by NMR spectroscopy. Our results indicate that the proteinase binding loop of these peptides is more¯exible than the rest of the molecules. We have observed a signi®cant difference in the internal dynamics of SGCI and SGTI revealed by H±D exchange experiments. We suggest that the differences between the molecules concerning the conformation and equally importantly, the¯exibility of the binding loop can, at least in part, explain the intriguing species speci®city of these small serine proteinase inhibitors.
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